The current investigation was done to understand the role of phytic acid and its contribution to yield and yield attributing traits in maize. Phytic acid is an anti-nutritional factor involved in chelating phosphorus and other micronutrients in food. On contrary, it is a major regulator of the metabolic pathways in plants. This study involved the correlation and path analysis of nineteen morphological and two biochemical traits with phytic acid as the dependent factor. A significant positive correlation of seed girth, seed thickness, hundred seed weight, cob weight, starch content and single plant yield with phytic acid were observed. This elaborated the essentiality of phytic acid in seed set and pollination in maize. Consequently, this study also ensured the increase in free inorganic phosphorous content in reduced phytic acid lines through their negative association and revealed its chelating ability in foods. Further the path analysis established highest positive direct effect of single plant yield, seed girth, cob placement height, cob weight, days to 50 percent silking and cob girth towards the phytic acid content in maize. This reinforces the direct contribution of phytic acid in crop development. The correlation also encompasses the role of phytic acid in starch accumulation and seed thickness in maize by means of their positive association. Therefore, from this study it could be concluded that phytic acid has a functional relationship with the major yield contributing traits in maize. Hence proper selection criteria have to be followed for producing elite lines with low phytic acid in maize.
Introduction
The availability and management of phosphorous in agriculture is a challenging global issue. The total phosphorous accumulated in seed crops portrays more than 50 per cent of the phosphorous fertilizers used in cultivation practices (Sparvoli and Eleonora, 2015) . Phytic acid is the most abundant form of storage phosphorous in plants and it stores about 85 per cent of the phosphorous in cells. This phytic acid is degraded by phytase during germination and the required amount is released slowly for further development. Although, phytic acid is vital for plant's growth and metabolic pathways, its chelating ability leads to the deficiency of other micronutrients including phosphorous in food intake. The animals lacking phytase in their guts fail to process the phytate salts and the phytate-mineral complex in food. This salt complex is then excreted to the soil and water leading to eutrophication and mineral toxicity. Hence, humans and non-ruminants are in void of access to the actual nutrimental status of the maize seeds consumed (Zhou and Erdman,1995) . This suggests that maize being a rich source of micronutrients fail to supplement them in diet due to the presence of phytic acid in their embryos.
Considering these issues, breeding for low phytic acid in maize has gained importance. On the other side, phytic acid is found to be a major regulator of auxin, cytokinin, chromatin modulation and also has key roles in pollination systems (Sparvoli and Eleonora,2015) . Thus, breeding for low phytic acid in plants renders several pleiotropic issues such as stunted growth, poor yield and shriveled seeds. It was also reported that phytic acid was positively correlated to yield attributing traits. Therefore, with these views this study was conducted to understand the direct and indirect contributions of phytic acid to different morphological and biochemical parameters. This may further enhance the breeders with the traits to be concerned while going for combined approaches such as yield and low phytic acid in maize.
Materials and Methods
A set of 40 inbreds (Table 1) were raised in the Department of Millets, TNAU, Coimbatore in two replications. Nineteen morphological traits such as days to 50 per cent tasseling, days to 50 per cent silking, anthesis silking interval, cob placement height, plant height, tassel length, number of tassel branches, cob length, cob girth, number of kernels per row, number of rows per cob, cob weight, shank weight, shelling percentage, seed length, seed girth, seed thickness, hundred seed weight and single plant yield and three biochemical traits namely, phytic acid, free inorganic phosphorous and starch were observed.
Phytic acid estimation: (Davies and Reid, 1979)
The finely grounded samples were weighed and 0.5 g of the grounded samples were taken in falcon tubes. Ten ml of 0.5M HNO3 was added to these falcon tubes and was kept in magnetic stirrer for three hours. After this extraction, 0.2 ml of the extract was taken and to this 0.2 ml of ferrous ammonium sulphate (2.16 mg/ml) was added. This was then kept in boiling water bath for 20 minutes. After cooling these tubes to room temperature, 0.02 ml of ammonium thiocyanate (5g/50 ml) and 1 ml of isoamyl alcohol were added. The tubes were shaken well and then centrifuged at 3000 rpm for ten minutes at4 0 C. The color developed was read at 460 nm. 100  60  40  100  45  55  100  30  70  100  10  90  100  5  95  100  0 100 100
Standard series for the estimation of phytic acid by Davies & Reid method

Estimation of Starch (Clegg, 1956):
Two gram grounded samples were homogenized with 80 per cent alcohol in a pestle and mortar. The homogenized samples were then taken in falcon tubes and centrifuged at 12000 rpm for 15 minutes. The ethanol washings were repeated and the samples were centrifuged with 80 per cent ethanol until the washings stopped giving color with anthrone. After that, the samples were dried in water bath and 5 ml of distilled water and 6.5 ml of 52 percent perchloric acid were kept for extraction at 20 0 0 C for 20 minutes. The supernatant was collected in a volumetric flask. The extraction was repeated again with 52 per cent perchloric acid and the supernatant was pooled with the previously collected ones. The volume of the collected supernatants was made upto 100 ml with volumetric flask and 0.1 ml of the pooled extract were taken in test tubes and made upto 1 ml with distilled water. To this the freshly prepared 4 ml of anthrone reagent (200 mg/ 100 ml of 95% H 2 SO 4 ) was added and heated in water bath for 8 minutes and the color was read at 630 nm. Standard series: 100 mg/100 ml of standard glucose stock was prepared and from this stock 10 ml was taken and made upto 100 ml with distilled water. A series of 0.2,0.4,0.6 and 1 ml of the standard stock were taken and made upto 1 ml with water. To this, 4 ml of freshly prepared anthrone was added.
Statistical Analysis: Correlation Coefficient
The genotypic correlation between phytic acid and yield component traits was worked out as per the method suggested by Johnson et al. (1955) .
Genotypic correlation coefficient r gxy = where, rg (xy) = genotypic correlation coefficients between x and y, Covg (xy) = genotypic covariance between the characters 'x' and 'y', σ 2 g.x = genotypic variance of the character 'x', σ 2 g.y = genotypic variance of the character 'y', x = independent variable x, and y = dependent variable y.
Testing the significance ofr g(xy) :
at t (n-2) df where, r = r g(xy) = genotypic correlation coefficients between the characters x and y, n = number of genotypes
Path coefficient analysis
The method of path coefficient analysis as suggested by Dewey and Lu (1959) was followed. The direct and indirect effects are classified based on the scale given below (Lenka and Mishra, 1973) 
Results and Discussion
The morphological and biochemical traits observed in the 40 inbreds were subjected to statistical analysis for studying the correlation and association of various traits with phytic acid. The overall mean performance of the 40 inbreds are given in the table 2. Among the 40 inbreds raised, the lowest yield was observed in the genotype UMI 467 (31.37 g). This inbred was also found to have a lower phytic acid and starch content (2.86 mg/g & 57.32 %). The inbreds with a higher phytic acid content was found to perform better than the low phytate lines (Table 2) . This illustrates us to understand the relationship of different traits with phytic acid in order to perform selection among the lines for potential donors.
The correlation of phytic acid to other morphological traits revealed, the highest positive significant correlation of seed girth (0.6213) and seed thickness (0.6213). This elaborates the role of phytic acid in seed health (Bregitzer et al.,2006 and Zhai et al.,2016) . Also this shows that low phytic acid in maize would eventually result in shriveled seeds. Following them, hundred seed weight (0.5423) and cob weight (0.5033) were also found to be significantly correlated to phytic acid (Table  3) . This states the concern of seed characters during introgression of low phytic acid in maize.
Starch is the major source of dry weight and energy in cereals. This association studies established a significant positive correlation of starch (0.4752) and single plant yield (0.4730) with phytic acid. This supports the previous investigations that myoinositiol in phytic acid pathway acts as a major transporter of starch from uridine di phosphate glucose (Lorenz et al.,2007) . Thus perturbations in them results in poor accumulation of starch leading to poor yield levels in maize (Table 3) . Hence, breeding for low phytic acid in maize ensures a careful selection of low phytic acid lines.
Although stringent reduction of phytic acid in maize results in adverse effects, the maize lines with moderate phytate and negative effects could be utilized in breeding programs to reduce the pleiotropic effects of low phytic acid (Raboy et al.,2000) . Hence lines with moderate phytic acid content and yield levels like UMI 1099 (8.01 mg/g & 71.16 g) can be effectively used in low phytic acid breeding programs without compromising yield traits (Table 2) .
The free inorganic phosphorous was observed to be negatively correlated (-0.9937) with phytic acid (Table 3 ). This suggests that the chelated phosphorous is released as the phytic acid content is reduced. Hence, this trait can be used as an indicator to screen the low phytic acid lines in maize (Suresh Kumar et al.,2015) . The correlation in this study revealed a functional relationship among the variables with phytic acid. Further understanding their direction of association helps the breeders to determine appropriate selection indices in low phytate breeding programs. Keeping this in mind, path analysis was also studied to understand the role of phytic acid in yield attributing traits. The path analysis exhibited the highest positive direct contribution of single plant yield, seed girth, cob placement height, cob weight, days to 50 per cent silking and cob girth towards phytic acid (Table 4 ). This suggests the key role of phytic acid in yield parameters and silking (Latrasse et al.,2013) .
The traits correlated to phytic acid also were observed to influence indirectly through several other parameters. The seed girth was found to moderately influence the phytic acid via seed yield per plant and high inorganic phosphorous. Seed thickness affects the phytic acid concentration by means of seed girth and high inorganic phosphorous (Lorenz et al.,2007) . High indirect effect of hundred seed weight on phytic acid was observed through seed girth and single plant yield. The correlated starch moderately affects the phytic acid content through single plant yield and seed girth. Single plant yield was found to contribute indirectly through cob weight and high inorganic phosphorous. Cob weight affected phytic acid via single plant yield and moderately by seed girth. Cob girth influenced the accumulation of phytate via cob placement height and single plant yield (Table 4 ). Hence we can conclude that the phytic acid plays major role from silking to seed thickness in maize and alterations in their content would affect the seed yield parameters (Donahue et al.,2010) . Therefore, stringent criteria have to adopted to overrule the linkages between seed yield attributing traits and phytic acid in near future.
Path coefficients Category
More than 1. This study also enlightens the breeders with the constraints that has to be surpassed in identifying potential donors for low phytic acid and presents the prerequisites in selection of parents for combined approaches involving yield and low phytic acid. 
References
